Abstract. We report a detailed examination about the relationship between the evolution of the Hα flare ribbons and the released magnetic energy during an X2.3 solar flare which occurred on 2001 April 10. We successfully evaluated the released energy quantitatively, based on the magnetic reconnection model. We measured the photospheric magnetic field strengths and the separation speeds of the fronts of the Hα flare ribbon, and estimated the released magnetic energy at the flare by using those values. Then, we compared the estimated energy release rates with the nonthermal behaviors observed in hard X-rays and microwaves. We also estimated the magnetic energy released during the flare. The estimated energy release rates in the Hα kernels associated with the hard X-ray sources are locally large enough to explain the difference between the spatial distribution of the Hα kernels and the hard X-ray sources. Furthermore, we reconstructed the peaks in the nonthermal emission by using the estimated energy release rates.
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The large two-ribbon flare occurred at 05:10 UT, 2001 April 10 in NOAA 9415. The details of the flare were reported in several papers, e.g. in Asai et al. (2002 Asai et al. ( , 2003 While we can see two-ribbon structure in Hα line center images observed with the Sartorius Telescope at Kwasan Observatory, Kyoto University, we see a few emission sources in hard X-ray (HXR) images obtained with Yohkoh/HXT. The difference between the spatial distributions of Hα kernels and those of HXR sources is probably caused by the low dynamic range of HXT (about 10). The HXR intensity which is emitted in bremsstrahlung is proportional to the number of accelerated electrons, and is thought to be proportional to the energy release rate, as Hudson (1991) and Wu et al. (1986) suggested. Therefore, if the energy releases at the HXR sources are large enough, that is, at least 10 times larger than the other sources, then the other sources are buried in noise. The nonthermal microwave synchrotron emission is also thought to be well correlated with the energy release rate.
Based on a 2D magnetic reconnection model, the energy release rate is written as the product of the Poynting flux carried into the reconnection region S = 2(4π) −1 B 2 c v i and the area of the reconnection region A, i.e. dE/dt = SA (Isobe et al.2002) , where B c is the coronal magnetic field strength and v i is the inflow velocity into the reconnection region. Since it is difficult to measure B c and v i , we evaluate the energy release rate by using observable values, such as the magnetic field strengths at the photosphere B p measured with SOHO/MDI, and the separation speed of the Hα flare ribbons v f .W e estimated the reconnection rate E, which is defined as the reconnected magnetic flux per unit time, and expressed as B c v i . From the conservation of magnetic flux, it is farther rewritten as B p v f . We also estimated the Poynting flux S, by assuming that B c = aB p (a = constant)a n dS ∝ aB We measured B p and v f at the front of the Hα flare ribbon along the slits as shown in the left panel of figure 1 , and estimated the reconnection rate E and the Poynting flux S. We compared them with the light curves in HXRs and microwaves. The right panel of figure 1 shows the time profiles of estimated E and S, compared with the light curves in HXR and microwave obtained with HXT and with Nobeyama Radioheliograph (NoRH). The temporal evolutions of the physical values, such as B p , v f , and the distance of the front of the flare ribbons from the magnetic neutral line are also shown in the figure. The evolutions of E and S are well fitted with the HXR and microwave light curves, and they are enhanced largely enough at the HXR sources so that they can explain the difference between the spatial distribution of the HXR sources and that of the Hα kernels. We could reconstructed the peaks in the nonthermal emission. We also examined E and S at each radiation sources. E and S at the HXR sources are at least 16 times and 150 times larger than those at the Hα kernels without any HXR sources, respectively. They are enhanced largely enough at the HXR sources so that they can explain the difference between the spatial distribution of the HXR sources and that of the Hα kernels.
